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Abstract
The theca-cyst relationship of Protoperidinium avellana (Meunier) Balech was
reconfirmed in the incubation experiment of the living cysts recovered from Omura
Bay, West Japan. Both cyst and motile forms of this species were described.
Introduction
The theca-cyst relationship provides us with many important informa-
tions on the fossil and modern dinoflagellate taxonomy. Since the work
done by Wall and Dale (1968), it has been known that about twenty species
of the genus Protoperidinium produce cysts or resting spores (Matsuoka,
1984).
In the case of identifying species of such thecate dinoflagellates as the
genera Protoperidinium and Gonyaulax, we need to clarify the detail struc・
ture of the apical and the sulcal regions as well as the general plate formula
since Abe {eg. 1927) and Balech {eg. 1974). Form this point of view, I will
report the cyst-theca relationship of Protoperidinium avellana (Meunier)
Balech based on the incubation experiment of living cysts. The occurrence
of this species is the first record around the Japanese water.
Material and method
Several living cysts were provided for the germination experiment. The
samples containing these cysts were collected from Omura Bay (Location,
129-50′E, 33000′N) , Nagasaki Prefecture, West Japan.
The samples were cleaned by sonification and sieved through 125!Jm
and 37Aim-opening stainless screens. The residual material held on the
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37^m-opening screen was washed in filtered sea water passed through a
Whatman GF/C glass filter. The isolated cysts were placed in a culture
chamber containing 1 ml of the filtered sea water at 20-22 C in temperature.
Fluorescent light of about 4,0㈱ lux was used in 14-10 light-dark cycles.
Observation
Five living cysts were incubated in a single culture chamber. Among
them, three cysts were hatched and developed to the thecate form.
Cyst form (PI. 2, figs. 5-7; text-fig. 1)
Synonyms ;
1967 Pendinium avellana (Meunier) Lebour ; Wall & Dale, pi. I, fig. 5.
1968 Resting spore of Peridinium avellana (Meunier) Lebour ; Wall & Dale, p. 277,
pi. 4, fig. 2.
1976 Cyst of Protoperidinium auellana (Meunier) Balech ; Dale, PI. I, fig. 14.
1977 Brigantedmuim canacoense (Wall) Reid, p. 434 (in parts).
1977 Bngantedinium canacoensis (Wall) Reid ; Harland, p. 104, (in parts?).
1982 Protopendinium (Archaeperidinium sect. Fususasphaeridium) avellana (Meunier)
Balech ; Harland, p. 373-374, text-fig. 6, 7B, pi. 38, figs. 4-9.
Morphology ; The living cyst (cell diameter 46.5-57.0,ォm) is spherical in
shape, dark brown in color and filled with many small spherical grains
comprising of oil and starch. There is no red pigrnented body. After
excystment, the empty cyst consists of thin autophragm without any trace
reflecting- tabulation except for the arcehopyle. The archeopyle basically
Text-fig. 1 Semi-diagramatic illustration of the archeopyle shape in the cyst form
(left) and showing the possibility of the correlation between the archeopyle "and the
anterior intercalary plate in the thecate form (right).
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marks a hexagonal shape which is expanded equatrially and possesses four
long and two short sides. One of four long sides shows a weakly arched
line, and this side represents the contact with the third apical paraplate,
because the third apical plate of the thecate form consists of two straight
sides and one curved side. According to this, the archeopyle of this species
well represents the corresponding thecal plate. But it is very difficult to
determine exactly which anterior intercaraly plate is reflected, because these
plates, la and 2a, are symmetrical and show the mostly same shape.
Thecate form (PI. 1, figs. 1-6; PI. 2, figs. 1-4 ; text-fig. 2)
Synonyms ;
1919 Properidinium avellana Meunier, p. 56-57, pi. XVIII, figs. 37-41.
Text-fig. 2 Schematic tabulation of Protoperidinium avellana (Meunier) Balech.
A: apical view, B: antapical view, C : ventral view, D: dorsal view, E : sulcal area.
as ; sulcal anterior platelet, ct ; transitional angular platelet, rs ; right sulcal platelet,
Is; left sulcal platelet, ms ; middle sulcal platelet, spa; sulcal posterior accessory
platelet, ps ; sulcal posterior platelet, fp ; flagellar pore.
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1925 Peridinium avellana (Meunier) Lebour, p. 108, pi. XVII, Figs, la-lf.
1968 Peridinium avellana (Meunier) Lebour ; Wall & Dale, p. 277, pi. 3, fig. 29, pi. 4,
fig.1.
1974 Protoperidinium avella柁a (Meunier) Balech, p. 54.
Morphology ; The thecate vegetative cell (length 52.2-62.3lim, width 47.4
・58.8/^m) is relatively small, somewhat elongate in lateral view and nearly
circular in antero-posterior view. The half spherical epitheca slightly elon-
gated is nearly equal to the hypotheca and lacking in any apical horn. The
hypotheca is also half spherical without any antapical horn. The surface
of main plates shows a reticulate structure sometimes enclosing the small
pores as shown by Dodge (1983, Fig.l-I).
The plate pattern and tabulation are typical for the group Avellana.
The apical pore region consists of two small platelets ; small and narrow
rectangular Px and Po being closed and extremely expanded antero-poste-
riorly. Four large plates are distributed around the年pical pore region.
The l'plate is asymmetrical and romboidal (ortho type). The 2'and 4'
plates are nearly equal and basically hexagonal, but rarely the 4'plate
shows an aberrant shape (PI. 2, fig. 3). The 3'plate has a characteristic-
ally curved boundary between it and two anterior intercaraly plates as well
as other species of the group Avellana (PL 2, fig. 3). The anterior interca-
raly is composed of two symmetrical plates with hexagonal shape equatori-
ally elongated. The plate la rarely has another very short side between it
and the-2" plate and shows an irregularly spetagonal shape (PL 2, fig.4).
The precingulum comprises seven large plates. The 1" and 7" plates
are quadrangular, and the former is slightly larger than the latter. The 2"
and 6 show a pentagonal shape and are highest among all precingular
plates. The 4'is also pentagonal and symmetrical, and smaller and lower
than the 2 and 6 plates. The 3" and 5" mark a simple rectangular shape
equatonally expanded with the lowest height.
The relatively wide cingulum surrounded the middle part of the cell, and
is laevorotary displaced in about its own width. This region consists of
four platelets, lc, 2c, 3c and ct, provided with the characteristically corru-
gated surface.
The hypotheca is also symmetrical and consists of two major plate
series. The plate V" and 5'" are. basically trapezoidal and smaller than
other postcingulars. The former plate has a roundly convex margin at the
contact with the right sulcal platelets (PI. 1, fig. 3). The 2'" and 4'"-plates
are equatonally rectangular and show a nearly equal size in each other.
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The 3'" marks a symmetrical and pentagonal shape. Two antapical plates
are basically rectangular and nearly equal in size.
The deep and posteriorly expanded sulcus slightly invades the epitheca
and reaches the middle part of the hypotheca. This region comprises foト
lowing six small platelets ; sulcal anterior, right sulcal, left sulcal, middle
sulcal, sulcal posterior and sulcal posterior accessory platelets. The sulcal
anterior platelets is large and broadly romboidal. The right and left sulcal
platelets make a roundly elongate and rectangular shape, and the left is
longer than the right. The middle sulcal platelet has a subspherical to
ellipsoidal shape, and is surrounded by the right, left and posterior acces-
sory platelets of the sulcus. The small and roundly rectangular sulcal
posterior accessory platelet occupies the position between the right and left
sulcal platelets. The sulcal posterior comes in contact with the l', 5', 1
and 2" plates, and shows a roundly rectangular to hexagonal shape, be-
cause of having an irreqular boundary between the right, left and posterior
accessory platelets of the sulcus. This region is lacking in any wing-like
ornamentation.
Discussion
Comparison with other specimens of Protoperidinium avellana (Meunier)
Balech formerly described :
Several thecate specimens of this species have been described with illus-
trations and microphotographs by Meunier (1919), Lebour (1925) and Wall
and Dale (1968).
According to Meunier (1919, pi. XIII, figs. 37-41), the theca of this
is roundly elongate without any apical and antapical horn, and its plate
pattern is somewhat asymmetrical, especially the plates 4" and 3'" and la
to 2a. The illustrations given by Lebour (1925, pi. XVII, Fig. 1) show that
this species has a more elongate theca and a basically symmetrical plate
distribution, but its apical pore region is not so long. The specimens of
Wall and Dale (1968, pi. 3, fig. 29, pi. 4, fig. 1) comprise a long and narrow
apical pore region, but its plate pattern is somewhat asymmetrical and the
surface of major plates is smooth or microreticulate.
As above mentioned, this species shows some variations in the plate
distribution, the surface of plates, the shape of theca and the apical pore
region. The important charactors of this species, however, are the basically
symmetrical plate distribution, the long and narrow apical pore region, the
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deep and relatively wide sulcal region and the corrugated angular platelets.
All these specimens formerly described were obtained from the North
Atlantic and the North Sea. The present occurrence, therefore, is a new
record around the West Pacific.
Comparison with other species of the Avellana Group :
Cyst form ; Based on the cyst classification system, cysts having brown and
spherical body with a simple archeopyle have been attributable to the genus
Bngantedinium Reid. But this genus is heterogeneous from a view point of
theca-based classfication system. This circumstance has been well discus-
sed by Harland (1982).
The cyst of Protoperidinium avellana (Meunier) differs from those of
Protop. conicoides (Paulsen) and Protop. punctulatum (Paulsen) in having
a nearly symmetrical and hexagonal archeopyle elongated transversely.
The present cyst is closely similar to that of Protop. denticulatum (Gran &
Braarud), but different from the latter in possessing a characteristic hex-
agonal archeopyle with one weakly arched side and larger cyst diameter.
In palynological investigation, it is very difficult to distinguish these
brown and spherical cysts on species level using the archeopyle type, because
of the easily crumped and deformed nature of cyst wall.
Thecate form ; The present species is closely similar to Peridinium rotunda
Abe, which should be transferee! to the genus Protoperidinium on the basis
of its four cingular platelets, in possessing a roundly thecate cell without
any conspicuous apical and antapical horn and the characteristic corrugated
angular platelets. The former, however, differs from the latter in bearing
a more elongate cell without a prominent shoulder developed between the
suture of the apical and anterior intercaraly plate series as observed in P.
rotunda.
The following feature is also a very important morphological charactor
which is distinguishable on each other. Protop. avellana (Meunier) is
mostly symmetrical in shape of major plates. On the other hand, P. rotunda
has a asymmetrical plates, especially the 4" and 3'" plates and two antap卜
cal plates, are distinctively unequal in shape and size.
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Explanation of Plate 1
Fig. 1 Ventral surface of oblique ventral view, showing the 1 , 1", 2", 6 and 7"
plates and the cingulum.
Fig. 2 Dorsal surface of oblique ventral view, showing the anterior sulcal platelet,
transitional, first, second and third cingular platelets.
Fig. 3 Dorsal surface of oblique ventral view, showing the right sulcal, left sulcal,
middle sulcal, sulcal posterior accessory platelets and the flagellar pore.
Fig. 4 Ventral surface of oblique dorsal view, showing the 3", 4", 5", 2'", 3 , A'",
1 and 2"'plates and 2cplatelet.
Fig. 5 Dorsal surface of oblique dorsal view showing the 3'", 1"" and 2"" plates.
Fig. 6 Lateral view of the hypotheca showing the 3'" and 1"" plates.
All figures from the specimen : OMST3(No. 2)A-5
Scale bar lOMm.
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Explanation of Plate 2
Fig. 1 Apical surface of oblique apical view, showing the l', 5", 6" and 7" plates
and lacking in all apical and anterior intercalary plates.
Fig. 2 Antapical surface of oblique antapical view, showing the posterior sulcal
platelets, andthe 3 , 4 , 5'", 1"" and2"" plates.
Fig. 3 Apical surface of apical view, showing the apical pore region and the 1 , 2',
3', 4', la and 2a plates, and lacking in the Po and Px platelets and the 4 plates.
Fig. 4 Optical cross section of apicaトantapical view, showing the 1", 2 , 3", 4', 5",
6 and7 plates.
Fig. 5 Apical surface of oblique apical view, showing the attached operculum corre-
sponding to one anterior intercalary plate in the thecate form.
Figs. 6 & 7 Lateral view showing the attached operculum.
Figures 1, 2, and 5 from the specimen : OMST3(No. 2)A-5
Figures 3, 4, 6 and 7 from the specimen : OMST2(No. 2)D-1
Scale bar lOllm.
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